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Figure 1. Cleveland-Hopkins International Airport

Figure 2. Capacity Enhancement Alternatives and Annual Delay Savings
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Figure 1. Cleveland-Hopkins International Airport
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Figure 2. Capacity Enhancement Alternatives and Annual Delay Savings

Estimated Annual Delay Savings1

(in hours and millions of 1991 dollars)
Alternatives Baseline Future 1 Future 2
Airfield Improvements (257,000) (300,000) (322,500)

1. Simultaneous (independent) runway improvements 5,232/$6.2 13,269/$15.6 25,142/$29.6
1a. Relocate terminal complex to midfield
1b. Construct new Runway 5E/23E

1c. Install PRM with Runway 5/23 parallels separated by 3,400 ft.

2. Construct 8,000 foot Runway 5W/23W with 3,027/$3.6 6,264/$7.4 8,534/$10.1
parallel taxiways and high-speed exits, redesignate
Runway 5L/23R as Runway 5R/23L and extend
to southwest, and relocate Runway 23 thresholds to southwest.

3. Dedicated runway use. Construct 8,000 ft. Runway 5W/23W

and convert existing Runway 5L/23R to taxiway
3a. Runway 18/36 becomes 3,500 ft. runway 2,938/$3.5 6,425/$7.6 9,755/$11.5
3b. Extend Runway 18/36 1,500 ft. to the south to 5,000 ft. 3,420/$4.0 7,261/$8.6 10,873/$12.8

4. Extend existing Runway 28 1,000 ft. to 513/$0.6 1,036/$1.2 2,209/$2.6
the east with associated parallel taxiway

5. Lower approach minimums to Runway 23L by †
relocating, tunneling, or abandoning Brookpark Road

6. Taxiway improvements 717/$0.8 951/$1.1 967/$1.1
6a. Construct new Taxiway C parallel to Taxiway L
6b. Construct new Taxiway T parallel to Taxiway R
6c. Extend Taxiway Q
6d. Complete parallel Taxiway W to Runway 10/28
6e. Displace Runway 23L, 23R, and 18 thresholds

south of completed parallel Taxiway W

7. Complete extension of high-speed Taxiway H to Runway 5L/23R †

8. Construct high-speed exits on all 5/23 runways2

8a. For current airport 905/$1.1 2,996/$3.5 8,826/$10.4
8b. For current airport with taxiway improvements 928/$1.1 3,030/$3.6 8,829/$10.4
8c. For Master Plan airfield 914/$1.1 3,009/$3.5 8,926/$10.5

Facilities and Equipment Improvements

9. Install CAT I ILS on Runway 23R3 128/$0.2 129/$0.2 142/$0.2

10. Install terminal VOR/DME †

11. Install full ILS on current Runway 10 †

1 The savings benefits of these alternatives are not necessarily additive.
† These improvements were not simulated. Therefore, no dollar figures are available. There is a description of each

of these items in Section 2 — Capacity Enhancement Alternatives.
2 Delay savings benefits for high-speed exits assume that procedures to reduce in-trail separations to 2.5 nm under

IFR have been implemented.
3 Delay savings benefits reflect the case of landing on Runway 23R in southwest flow under IFR 2, which elimi-

nates the ILS critical zone problem caused when aircraft land on Runway 23L under IFR 2.
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Estimated Annual Delay Savings1

(in hours and millions of 1991 dollars)
Alternatives Baseline Future 1 Future 2
Operatinal Improvements (257,000) (300,000) (322,500)

12. Dependent converging instrument approaches (DCIA)4

12a. For current airport with taxiway improvements 402/$0.5 1,655/$1.9 5,027/$5.9
12b. For Master Plan airfield 314/$0.4 1,550/$1.8 4,901/$5.8

13. Reduce in-trail separations to 2.5 nm between similar class aircraft
13a. For current airport 905/$1.1 2,996/$3.5 8,826/$10.4
13b. For current airport with taxiway improvements 928/$1.1 3,030/$3.6 8,829/$10.4
13c. For Master Plan airfield 914/$1.1 3,009/$3.5 8,926/$10.5

14. Continue enhancement of reliever airport system †

15. Eliminate departure route restrictions 1,086/$1.3 2,615/$3.1 4,120/$4.9

16. Redistribute traffic more uniformly within the hour 1,981/$2.3 2,369/$2.8 4,196/$4.9

1 The savings benefits of these alternatives are not necessarily additive.
† These improvements were not simulated. Therefore, no dollar figures are available. There is a description of each

of these items in Section 2 — Capacity Enhancement Alternatives.
4 Delay savings benefits for DCIA are only for southwest flow with arrivals to Runways 23L and 28.
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Recognizing the problems posed by congestion and
delay within the National Airspace System, the Federal
Aviation Administration (FAA), airport operators, and
aviation industry groups initiated joint Airport Capacity
Design Teams at various major air carrier airports
throughout the country. Each Capacity Team identifies
and evaluates alternative means to enhance existing air-
port and airspace capacity to handle future demand, de-
crease delays, and improve airport efficiency and works to
develop a coordinated action plan for reducing airport
delay. Over 35 Airport Capacity Design Teams have ei-
ther completed their studies or have work in progress.

Steady growth at Cleveland-Hopkins International
Airport has made it one of the busier airports in the
country. Activity at the airport has increased from
2,823,598 revenue passenger enplanements in 1983 to
4,266,092 in 1992, a 51 percent increase. In 1992, the
airport handled 237,216 aircraft operations (takeoffs and
landings).

An Airport Capacity Design Team for Cleveland-
Hopkins International Airport (CLE) was formed in
1991. The CLE Capacity Team identified and assessed
various actions which, if implemented, would increase
CLE’s capacity, improve operational efficiency, and reduce
aircraft delays. The purpose of the process was to deter-

Background

mine the technical merits of each alternative action and
its impact on capacity. Additional studies will be needed
to assess environmental, socioeconomic, or political issues
associated with these actions.

Selected alternatives identified by the Capacity Team
were tested using computer models developed by the FAA

to quantify the benefits provided. Different levels of activ-
ity were chosen to represent growth in aircraft operations
in order to compare the merits of each action. These an-
nual activity levels are referred to throughout this report
as:

• Baseline — 257,000 operations per year

• Future 1 — 300,000 operations per year

• Future 2 — 322,500 operations per year

Figure 3 illustrates the capacity and delay curves for
the current airfield configuration at CLE for a southwest
flow under instrument flight rules (IFR). It shows that air-
craft delays will begin to escalate rapidly as hourly de-
mand exceeds 40 to 60 operations per hour. Figure 4
shows that, while hourly demand exceeds 40 to 60 opera-
tions during certain hours of the day at Baseline demand

levels, 60 operations per hour is frequently exceeded at
the demand levels forecast for Future 2.

Conclusions

Figure 5 shows how delay will continue to grow at a
substantial rate as demand increases if there are no im-
provements made in airfield capacity, i.e., the Do Noth-
ing scenario. Annual delay costs will increase from 8,042
hours or $9.5 million at the Baseline level of operations to
16,459 hours or $19.4 million by Future 1 and 27,884
hours or $32.8 million by Future 2.

Figure 5 also indicates the major delay-savings ben-
efits from improvement alternatives recommended by the
Capacity Team.

Figure 6 illustrates the annual delay-savings benefits
for each of the improvement alternatives modeled at each
of the three activity levels (operations per year). It serves
to highlight the savings that would be provided by the
alternatives recommended by the Capacity Team.
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Figure 5. Annual Delay Costs — Capacity Enhancement Alternatives

5 Delay savings benefits for high-speed exits assume that procedures to reduce in-trail separations to 2.5 nm under
IFR have been implemented.

6 Delay savings benefits for DCIA are only for southwest flow with arrivals to Runways 23L and 28.

Future 2 Annual Delay Savings
Hours Millions of 1991 $

• Simultaneous (independent) runway improvements — 25,142 $29.6
relocate terminal, new Runway 5E/23E, and install PRM

• Dedicated runway use — new 8,000 foot Runway 9,755 $11.5
5W/23W, convert existing Runway 5L/23R to taxiway,
and Runway 18/36 3,500 feet in length

• Construct high-speed exits on all runways; 8,826 $10.4
reduce in-trail separations to 2.5 nm5

• Construct new 8,000 foot Runway 5W/23W 8,534 $10.1
with parallel taxiway and high-speed exits

• Dependent converging instrument approaches (DCIA)6 5,027 $5.9
for current airport with taxiway improvements

• Eliminate departure route restrictions 4,120 $4.9

• Taxiway improvements 967 $1.1

Major Capacity Enhancing Alternatives
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Figure 6. Annual Delay-Savings Benefits — Capacity Enhancement Alternatives

A
nn

ua
l S

a
vi

ng
s 

(m
ill

io
ns

)

A
n
n
u
a

l S
a

vin
g

s (m
illio

n
s)

Alternatives

$0.0

$5.0

$10.0

$15.0

$20.0

$25.0

$30.0

$0.0

$5.0

$10.0

$15.0

$20.0

$25.0

$30.0

Future 2

Future 1

Baseline

Independent Rwy 5E/23E (Alt 1)

New 8,000 ft. Rwy 5W/23W (Alt 2)

New 8,000 ft. Rwy 5W/23W & 3,500 ft. Rwy 18/36 (Alt 3a)

New 8,000 ft. Rwy 5W/23W & 5,000 ft. Rwy 18/36 (Alt 3b)

Extend Rwy 28 1,000 ft. (A
lt 4)

Taxiway Improvements (Alt 6)

High-Speed Exits (Alt 8)

CAT I ILS on Rwy 23R (Alt 9)

DCIA on Rwys 23L & 28 (with taxiway improvements) (Alt 12)

Reduce In-Trail Separations (Alt 13)

No Departure Route Restrictions (Alt 15)

Redistribute Traffic (Alt 16)



CLEVELAND-HOPKINS INTERNATIONAL AIRPORT CAPACITY ENHANCEMENT PLAN

(13)



CLEVELAND-HOPKINS INTERNATIONAL AIRPORT CAPACITY ENHANCEMENT PLAN

(14)

SECTION 1
INTRODUCTION
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Background

Recognizing the problems posed by congestion and
delay within the National Airspace System, the Federal
Aviation Administration (FAA) asked the aviation com-
munity to study the problem of airport congestion
through the Industry Task Force on Airport Capacity Im-
provement and Delay Reduction chaired by the Airport
Operators Council International.

By 1984, aircraft delays recorded throughout the sys-
tem highlighted the need for more centralized manage-
ment and coordination of activities to relieve airport
congestion. In response, the FAA established the Airport
Capacity Program Office, now called the Office of Sys-
tem Capacity and Requirements (ASC). The goal of this
office and its capacity enhancement program is to identify
and evaluate initiatives that have the potential to increase
capacity, so that current and projected levels of demand
can be accommodated within the system with a minimum
of delay and without compromising safety or the environ-
ment.

In 1985, the FAA initiated a renewed program of Air-
port Capacity Design Teams at various major air carrier
airports throughout the country. Each Capacity Team
identifies and evaluates alternative means to enhance ex-
isting airport and airspace capacity to handle future de-
mand and works to develop a coordinated action plan for
reducing airport delay. Over 35 Airport Capacity Design
Teams have either completed their studies or have work
in progress.

The need for this program continues. In 1992, 23
airports each exceeded 20,000 hours of airline flight de-
lays. If no improvements in capacity are made, the num-
ber of airports that could exceed 20,000 hours of annual
aircraft delay is projected to grow from 23 to 32 by 2003.
The challenge for the air transportation industry in the
nineties is to enhance existing airport and airspace capac-
ity and to develop new facilities to handle future demand.
As environmental, financial, and other constraints con-
tinue to restrict the development of new airport facilities
in the U.S., an increased emphasis has been placed on the
redevelopment and expansion of existing airport facilities.

Cleveland-Hopkins International Airport

In the past decade, Cleveland-Hopkins International
Airport (CLE) has been one of the nation’s busier airports.
Revenue passenger enplanements at CLE rose from
2,823,598 in 1983 to 4,266,092 in 1992, a 51 percent in-
crease. CLE’s total aircraft operations reached 237,216 in
1992.

Cleveland-Hopkins International Airport is owned
by the City of Cleveland and operated by the Department
of Port Control. The airport is situated on approximately
1,700 acres and is located about 12 miles southwest of the
central business district of Cleveland. The Cleveland
metropolitan area is also served by a network of general
aviation reliever airports.

Cleveland-Hopkins Airport Capacity Design Team

An Airport Capacity Design Team for Cleveland-
Hopkins International Airport was formed in 1991. The
CLE Capacity Team identified and assessed various ac-
tions which, if implemented, would increase capacity, im-
prove operational efficiency, and reduce aircraft delays.
The purpose of the process was to determine the techni-
cal merits of each alternative action and its impact on
capacity. Additional studies will be needed to assess envi-
ronmental, socioeconomic, or political issues associated
with these actions.

This report has established benchmarks for develop-
ment based upon traffic levels and not upon any definitive
time schedule, since actual growth can vary year to year
from projections. As a result, the report should retain its
validity until the highest traffic level is attained regardless
of the actual dates paralleling the development.

A Baseline benchmark of 257,000 aircraft operations
(takeoffs or landings) was established based on the annual
traffic level for 1990, the base year of the study. Two fu-
ture traffic levels, Future 1 and Future 2, were established
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at 300,000 and 322,500 annual aircraft operations respec-
tively, based on Capacity Team consensus of potential
traffic growth at Cleveland-Hopkins. If no improvements
are made at CLE, annual delay levels and delay costs are
expected to increase from 8,042 hours or $9.5 million at
the Baseline level of operations to 16,459 hours or $19.4
million by Future 1 and 27,884 hours or $32.8 million by
Future 2.

The Capacity Team studied various proposals with
the potential for increasing capacity and reducing delays
at CLE. The improvements evaluated by the Capacity
Team are listed in Figure 2 and described in some detail
in Section 2 — Capacity Enhancement Alternatives.

Objectives

The major goal of the Capacity Team was to identify
and evaluate proposals to increase airport capacity, im-
prove airport efficiency, and reduce aircraft delays. In
achieving this objective, the Capacity Team:

• Assessed the current airport capacity.

• Examined the causes of delay associated with the air-
field, the immediate airspace, and the apron and
gate-area operations.

• Evaluated capacity and delay benefits of alternative
air traffic control (ATC) procedures, navigational im-
provements, airfield development, and operational
improvements.

The Capacity Team limited its analyses to aircraft
activity within the terminal area airspace and on the air-
field. They considered the technical and operational feasi-
bility of the proposed airfield improvements, but did not
address environmental, socioeconomic, or political issues
regarding airport development. These issues need to be
addressed in future airport planning studies, and the data
generated by the Capacity Team can be used in such stud-
ies.

Scope

Methodology

The Capacity Team, which included representatives
from the FAA, the Cleveland Department of Port Con-
trol, the State of Ohio Department of Transportation,
and various aviation industry and citizen groups (see Ap-
pendix A), met periodically for review and coordination.
The Capacity Team members considered suggested ca-
pacity improvement alternatives proposed by the FAA’s
Office of System Capacity and Requirements, Technical
Center, and Regional Aviation Capacity Program Man-
ager, and by other members of the Team. Alternatives
that were considered practicable were developed into ex-
periments that could be tested by simulation modeling.
The FAA Technical Center’s Aviation Capacity Branch
provided expertise in airport simulation modeling. The
Capacity Team validated the data used as input for the
simulation modeling and analyses and reviewed the inter-
pretation of the simulation results. The data, assumptions,
alternatives, and experiments were continually reevalu-
ated, and modified where necessary, as the study pro-
gressed. A primary goal of the study was to develop a set

of capacity-producing recommendations, complete with
planning and implementation time horizons.

Initial work consisted of gathering data and formu-
lating assumptions required for the capacity and delay
analyses and modeling. Where possible, assumptions were
based on actual field observations at CLE. Proposed im-
provements were analyzed in relation to current and fu-
ture demands with the help of FAA computer models, the
Airfield Delay Simulation Model (ADSIM) and the Run-
way Delay Simulation Model (RDSIM). Appendix B
briefly explains these models.

The simulation models considered air traffic control
procedures, airfield improvements, and traffic demands.
Alternative airfield configurations were prepared from
present and proposed airport layout plans. Various con-
figurations were evaluated to assess the benefit of pro-
jected improvements. Air traffic control procedures and
system improvements determined the aircraft separations
to be used for the simulations under both visual flight
rules (VFR) and instrument flight rules (IFR).
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Air traffic demand levels were derived from Official
Airline Guide data, historical data, and Capacity Team
and other forecasts. Aircraft volume, mix, and peaking
characteristics were considered for each of the three dif-
ferent demand forecast levels (Baseline, Future 1, and
Future 2). From this, annual delay estimates were deter-
mined based on implementing various improvements.
These estimates took into account historic variations in
runway configuration, weather, and demand. The annual
delay estimates for each configuration were then com-
pared to identify delay reductions resulting from the im-
provements.

Following the evaluation, the Capacity Team devel-
oped a plan of recommended alternatives for consider-
ation.
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SECTION 2
CAPACITY ENHANCEMENT ALTERNATIVES
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The individual capacity enhancement alternatives are
categorized and discussed under the following headings:

• Airfield Improvements.

• Facilities and Equipment Improvements.

• Operational Improvements.

Figure 1 shows the current layout of the airport, plus
the airfield improvements considered by the Capacity
Team.

Figure 2 lists the capacity enhancement alternatives
evaluated by the Capacity Team and presents the esti-
mated annual delay savings benefits for selected improve-
ments. The annual savings are given for the activity levels
Baseline, Future 1, and Future 2, which correspond to
annual aircraft operations of 257,000, 300,000, and
322,500 respectively. The delay savings benefits of the
improvements are not necessarily additive.

Figure 7 presents the recommended action and sug-
gested time frame for each capacity enhancement alterna-
tive considered by the Capacity Team.

In the process of conducting the study, the Airport
Capacity Design Team also grouped the proposed capac-
ity enhancement alternatives into various combinations,
or improvement packages, in order to examine which
general strategy might be the most effective in reducing
delay. These improvement packages and the annual delay
savings for each package are described in Appendix C.

Background
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Figure 7. Capacity Enhancement Alternatives and Recommended Actions

Airfield Improvements Action Time Frame
1. Simultaneous (independent) runway improvements Recommended Future 2

1a. Relocate terminal complex to midfield
1b. Construct new Runway 5E/23E

1c. Install PRM with Runway 5/23 parallels
separated by 3,400 ft.

2. Construct 8,000 foot Runway 5W23W with parallel Recommended Baseline/Future 1
taxiways and high-speed exits, redesignate Runway 5L/23R

as Runway 5R/23L and extend to southwest, and
relocate Runway 23 thresholds to southwest.

3. Dedicated runway use. Construct new 8,000 ft.
Runway 5W/23W and convert Runway 5L/23R

to a taxiway
3a. Runway 18/36 becomes 3,500 ft. runway Recommended Baseline/Future 1
3b. Extend Runway 18/36 1,500 ft. Not Recommended —

to the south to 5,000 ft. runway

4. Extend existing Runway 28 1,000 feet to Not Recommended —
the east with associated parallel taxiway

5. Lower approach minimums to Runway 23L by Not Recommended —
relocating, tunneling, or abandoning Brookpark Road

6. Taxiway improvements Recommended Baseline
6a. Construct new Taxiway C parallel to Taxiway L
6b. Construct new Taxiway T parallel to Taxiway R
6c. Extend Taxiway Q
6d. Complete parallel Taxiway W to Runway 10/28
6e. Displace Runway 23L, 23R, and 18 thresholds

south of completed parallel Taxiway W

7. Complete extension of high-speed Taxiway H to Runway 5L/23R Recommended Baseline

8. Construct high-speed exits on all 5/23 runways Recommended Baseline
8a. For current airport
8b. For current airport with taxiway improvements
8c. For Master Plan airfield

Facilities and Equipment Improvements
9. Install CAT I ILS on Runway 23R Recommended Baseline

10. Install terminal VOR/DME Recommended Baseline

11. Install full ILS on current Runway 10 Not Feasible —

Operational Improvements
12. Dependent converging instrument approaches (DCIA) Recommended 23L & 28 Only Baseline

12a. For current airport with taxiway improvements
12b. For Master Plan airfield

13. Reduce in-trail separations to 2.5 nm between Recommended Baseline
similar class aircraft
13a. For current airport
13b. For current airport with taxiway improvements
13c. For Master Plan airfield

14. Continue enhancement of reliever airport system Recommended Baseline

15. Eliminate departure route restrictions Recommended Baseline

16. Redistribute traffic more uniformly within the hour Not Recommended —
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Airfield Improvements

1. Simultaneous (independent) runway improvements.

Recommended
Under this concept, Runway 18/36 would be closed

and a new 8,000 foot Runway 5E/23E would be opened
3,500 feet southeast of the current Runway 5L/23R. A 60
gate midfield terminal would replace current airside fa-
cilities at an optimal location relative to the arrival run-
way exits and departure runway thresholds. A Precision
Runway Monitor (PRM) would be installed in order to
support simultaneous (independent) parallel arrivals to
the new runway and the existing Runway 5L/23R.

Annual delay savings at the Baseline activity level
would be 5,232 hours or $6.2 million, at Future 1 activity
levels, 13,269 hours or $15.6 million, and, at Future 2
activity levels, 25,142 hours or $29.6 million. These sav-
ings do not consider ground travel times.

A special study compared the travel times of aircraft
on the midfield terminal’s taxiway system against the
travel times of aircraft on the existing airport with taxi-
way improvements. The study concluded that the re-
duced travel times of the midfield terminal’s taxiway
system will save an additional $4.5 million per year at the
Future 2 activity level.

This project is recommended for implementation at
the Future 2 level of activity.

1a. Relocate terminal complex to midfield.

Construction of a new midfield passenger terminal
complex would provide the additional gates needed to
accommodate the expected increase in aircraft operations
at CLE.

Estimated 1993 project cost is $300 million.

1b. Construct new Runway 5E/23E.

Estimated 1993 project cost is $230 million.

1c. Install Precision Runway Monitor with Runway 5/23 parallels separated by 3,400 feet.

The capacity of CLE would be significantly increased
by the ability to conduct simultaneous (independent) par-
allel approaches in all weather conditions. With existing
radar equipment, current FAA criteria require 4,300 feet
between parallel runway centerlines. CLE’s parallel run-
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ways (Runways 5R/23L and 5L/23R) are now only 441
feet apart).

The Precision Runway Monitor has demonstrated
the potential to reduce the spacing required between run-
ways for simultaneous independent parallel approaches in
all weather conditions. The PRM relies on improved radar
surveillance with higher update rates of aircraft positions
and a new air traffic controller display system. In fact,
procedures have recently been published for simultaneous
parallel approaches to runways that have centerlines
separated by 3,400 to 4,300 feet with the use of PRM.
When PRM equipment becomes available, installing it at
CLE would allow simultaneous independent parallel ILS

approaches to the existing Runway 5L/23R and the new
Runway 5E/23E.

2. Construct 8,000 foot Runway 5W/23W with parallel taxiways and high-speed exits, redesignate Runway
5L/23R as Runway 5R/23L and extend to the southwest, relocate Runway 23 thresholds to southwest.

Recommended
Under this improvement project, the existing Run-

way 5L/23R would become the relocated Runway
5R/23L. This new Runway 5R/23L would be extended
3,005 feet on the southwest end, and the northeast
threshold would be relocated 1,100 feet to the southwest.
The length of the new Runway 5R/23L would be 9,000
feet. Also as a part of this project, the existing Runway
5R/23L would be converted into a taxiway and extended
to become a full-length parallel taxiway for the new Run-
way 5R/23L. A new 8,000 foot Runway 5W/23W would
be constructed 800 feet northwest of the new Runway
5R/23L.

These new runways would provide a two-runway
system that would allow simultaneous arrivals, simulta-
neous departures, or simultaneous arrivals and departures
during visual meteorological conditions (VMC). In addi-
tion, the runways would be sufficiently separated to allow
the taxiing of aircraft between the runways, and the
project includes a new parallel taxiway between the new
Runway 5W/23W and the new Runway 5R/23L. The
Runway 23 thresholds would also be relocated to the
southwest so as not to intersect with Runway 10/28, and
the Runway 23W threshold would be located west of
Runway 18/36. Taxiway W would be completed parallel
to Runway 10/28. Runways 18/36 and 10/28 would re-
main unchanged from the existing airfield. However, in
order to maintain the operational flexibility that the cur-
rent airfield has with a full-length Runway 18/36, an in-
formal runway use program should be developed.

Estimated 1993 project cost to construct the new
Runway 5W/23W is $221 million.
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Annual delay savings at the Baseline activity level
would be 3,027 hours or $3.6 million, at Future 1 activity
levels, 6,264 hours or $7.4 million, and, at Future 2 activ-
ity levels, 8,534 hours or $10.1 million.

This project is recommended for implementation
between the Baseline and Future 1 levels of activity.

3. Dedicated runway use. Construct 8,000 foot Runway 5W/23W and convert Runway 5L/23R to a taxiway.

Construction of a 8,000 foot Runway 5W/23W lo-
cated 800 feet northwest of existing Runway 5L/23R

would provide a two runway system (the new 5W/23W

and the existing 5R/23L) that would allow simultaneous
arrivals, simultaneous departures, or simultaneous arrivals
and departures during VMC. In addition, the runways
would be sufficiently separated (1,241 feet) to allow the
taxiing of aircraft between the runways with the conver-
sion of the existing Runway 5L/23R to a parallel taxiway.
The Runways 23 thresholds would also be relocated to
the southwest so as not to intersect with Runway 10/28.

Estimated 1993 project cost to construct Runway
5W/23W is $221 million. The cost of converting Runway
5L/23R to a taxiway is $3 million.

3a. Runway 18/36 becomes a 3,500 foot runway.

Recommended
As currently configured, Runway 18/36 intersects

Runways 10/28, 5L/23R, and 5R/23L. Air traffic control
procedures for operations conducted on intersecting run-
ways are, by necessity, more restrictive than for opera-
tions conducted on non-intersecting or parallel runways.
Shortening Runway 18/36 on the north, below Taxiway
L, would reduce the coordination necessary to conduct
simultaneous operations on Runways 5/23 and 18/36.

Runway 18/36 can be shortened on the north at vir-
tually no cost to provide a 3,500 foot runway to serve
general aviation and commuter aircraft.

Annual delay savings at the Baseline activity level
would be 2,938 hours or $3.5 million, at Future 1 activity
levels, 6,425 hours or $7.6 million, and, at Future 2 activ-
ity levels, 9,755 hours or $11.5 million.

This project is recommended because it results in
increased delay savings over those achieved in Alterna-
tive 2 without increasing program costs. However, in or-
der to maintain the operational flexibility that the current
airfield has with a full-length Runway 18/36, an informal
runway use program should be developed. Such a pro-
gram would achieve the same capacity gains without ac-
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tually shortening the runway. Establishing an informal
runway use program emphasizes how the runway would
normally be used with the existing airfield and may pro-
vide further incentive to make better use of operational
techniques to maximize airfield capacity with a new par-
allel runway.

3b. Extend Runway 18/36 to the south to make it a 5,000 foot runway.

Not Recommended
This alternative is identical to Alternative 3a except

that Runway 18/36 is extended south by 1,500 feet. Add-
ing 1,500 feet of pavement to the south end of the run-
way would keep Runway 18/36 a non-intersecting run-
way but allow it to serve larger aircraft.

The estimated 1993 project cost to extend Runway
18/36 to the south is about $35 million, since it requires
reconfiguring the interchange of Kolthoff Road and the
Berea Freeway and relocating a rail line.

Annual delay savings at the Baseline activity level
would be 3,420 hours or $4.0 million, at Future 1 activity
levels, 7,261 hours or $8.6 million, and, at Future 2 activ-
ity levels, 10,873 hours or $12.8 million.

This project is not recommended because the incre-
mental delay savings over the delay savings for Alterna-
tive 2 do not justify the $35 million cost of extending
Runway 18/36 to the south.

4. Extend existing Runway 10/28 1,000 feet to the east with associated parallel taxiway.

Not Recommended
Extending Runway 10/28 1,000 feet eastward for a

total length of 7,015 feet allows larger aircraft to use this
runway for arrivals and departures. Extending the runway
offers a delay reduction benefit in the northeast configu-
ration. However, in the southwest configuration, the ex-
tension allows GA aircraft departing from Runway 28 to
become airborne by the time they reach Runway 23L;
and it allows air carrier aircraft departing from Runway
28 to become airborne by the time they reach Runway
23W. This results in a two minute arrival/departure wake
vortex dependency between arrivals on Runways 23L and
23W and departures on Runway 28.

Estimated 1993 project cost is $110 million since it
requires relocation of the Berea Freeway and
reconfiguration of an interchange on Interstate 480.

Annual delay savings at the Baseline activity level
would be 513 hours or $0.6 million, at Future 1 activity
levels, 1,036 hours or $1.2 million, and, at Future 2 activ-
ity levels, 2,209 hours or $2.6 million.
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This improvement is not recommended because the
annual delay savings do not justify the cost of the project.

5. Lower approach minimums to Runway 23L by relocating, tunneling, or abandoning Brookpark Road.

Not Recommended
Relocating Brookpark Road to the north of Inter-

state 480 and reconfiguring the Grayton Road Inter-
change with Interstate 480 removes the critical obstruc-
tion that now raises approach minimums to Runway 23L.

Estimated 1993 project cost is $37 million.

This project is not recommended since the delay sav-
ings would not justify the cost of the project.

6. Taxiway improvements.

Recommended
Construction of a series of taxiways would improve

the circulation of aircraft around the terminal area, pro-
vide area to stage departures, and improve the segrega-
tion of inbound and outbound aircraft. The following
taxiway improvements were evaluated as a single package.

Estimated 1993 project cost of all taxiway improve-
ments is $12 million.

Annual delay savings at the Baseline activity level
would be 717 hours or $0.8 million, , at Future 1 activity
levels, 951 hours or $1.1 million, and, at Future 2 activity
levels, 967 hours or $1.1 million.

This project is recommended for implementation at
the Baseline activity level.

6a. Construct new Taxiway C parallel to Taxiway L.

By providing a dual taxiway and two-way flow, a new
taxiway parallel to Taxiway L would facilitate movement
of arriving and departing aircraft to and from the termi-
nal area. The Capacity Team directed the FAA Technical
Center to include this taxiway project in the Baseline ac-
tivity level.

6b. Construct new Taxiway T parallel to Taxiway R.

By providing a dual taxiway and two-way flow, a new
taxiway parallel to Taxiway R would facilitate movement
of arriving and departing aircraft to and from the termi-
nal area.
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6c. Extend Taxiway Q.

Extending Taxiway Q would improve the flow of
ground traffic and reduce taxi interference and delays.
The Capacity Team directed the FAA Technical Center to
include this taxiway project in the Baseline activity level.

6d. Complete parallel Taxiway W to Runway 10/28.

Completing Taxiway W so that it serves as a full
length parallel taxiway to Runway 10/28 would provide
an additional taxiway for arriving and departing aircraft
to taxi to and from the terminal area. It would reduce taxi
interference, expedite ground movement, and reduce de-
lays. Combined with Alternative 6e, the completed Taxi-
way W would accommodate departures to Runways 23L,
23R, and 18 in the southwest configuration.

6e. Displace Runway 23L, 23R, and 18 thresholds south of completed parallel Taxiway W.

Displacing these runway thresholds would make
Runway 10/28 a non-intersecting runway, reducing the
level of air traffic coordination required to operate simul-
taneously on Runways 5/23 and 10/28. In the southwest
configuration, the threshold displacement would enable
Runway 28 to operate independent of departures on
Runways 23L, 23R, and 18. This alternative would reduce
the length of Runway 18/36 500 to 1,500 feet, and the
length of the runway could be further reduced to provide
for clear and overrun areas and jet-blast protection.

This proposal requires extensions to the southwest
ends of Runways 5R/23L and 5L/23R to maintain equiva-
lent aircraft operating capability. Extending the runways
would increase taxi times for arriving and departing air-
craft taxiing to and from the terminal area and the south-
west runway ends.

7. Complete extension of high-speed Taxiway H to Runway 5L/23R.

Recommended
This project would provide for a high-speed exit on

Runway 23R well-placed for commuter and some jet air-
craft. This would reduce runway occupancy times and
enhance runway capacity.

Estimated 1993 project cost is $1 million.

This project is recommended for implementation at
the Baseline activity level if Alternative 2 or Alternative
3a is not implemented in the near term.
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8. Construct high-speed exits on all 5/23 runways.

Recommended
This project would minimize runway occupancy

times (ROTs) and enhance runway capacity for the
Airport’s most heavily used runways. With an ROT of less
than 50 seconds, CLE could operate (with FAA approval)
with in-trail separations between aircraft reduced to
2.5 nm on the final approach course under IFR. When
computing the delay savings benefits for high-speed exits,
it was assumed that procedures to reduce in-trail separa-
tions to 2.5 nm had been implemented.

Estimated 1993 project cost is $8 million.

This project is recommended for implementation at
the Baseline activity level if Alternative 2 or Alternative
3a is not implemented in the near term.

8a. For current airport.

For the current airport, with in-trail separations re-
duced to 2.5 nm in both the northeast and southwest
flows during the year, annual delay savings at the Baseline
activity level would be 905 hours or $1.1 million, at Fu-
ture 1 activity levels, 2,996 hours or $3.5 million, and, at
Future 2 activity levels, 8,826 hours or $10.4 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 331 hours or $0.4
million, at Future 1 activity levels, 1,119 hours or $1.3
million, and, at Future 2 activity levels, 3,400 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
the Baseline activity level would be 574 hours or $0.7
million, at Future 1 activity levels, 1,876 hours or $2.2
million, and, at Future 2 activity levels, 5,427 hours or
$6.4 million.

8b. For current airport with taxiway improvements.

For the current airport with taxiway improvements,
with in-trail separations reduced to 2.5 nm in both the
northeast and southwest flows during the year, annual
delay savings at the Baseline activity level would be 928
hours or $1.1 million, at Future 1 activity levels, 3,030
hours or $3.6 million, and, at Future 2 activity levels,
8,829 hours or $10.4 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 339 hours or $0.4
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million, at Future 1 activity levels, 1,142 hours or $1.3
million, and, at Future 2 activity levels, 3,399 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
the Baseline activity level would be 589 hours or $0.7
million, at Future 1 activity levels, 1,888 hours or $2.2
million, and, at Future 2 activity levels, 5,430 hours or
$6.4 million.

8c. For Master Plan airfield.

For the Master Plan airfield, with in-trail separations
reduced to 2.5 nm in both the northeast and southwest
flows during the year, annual delay savings at the Baseline
activity level would be 914 hours or $1.1 million, at Fu-
ture 1 activity levels, 3,009 hours or $3.5 million, and, at
Future 2 activity levels, 8,926 hours or $10.5 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 341 hours or $0.4
million, at Future 1 activity levels, 1,124 hours or $1.3
million, and, at Future 2 activity levels, 3,405 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
the Baseline activity level would be 574 hours or $0.7
million, at Future 1 activity levels, 1,885 hours or $2.2
million, and, at Future 2 activity levels, 5,521 hours or
$6.5 million.
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Facilities and Equipment Improvements

9. Install Category I ILS on Runway 23R.

Recommended
IFR that restrict operations (IFR 1/IFR 2) occur about

13.2 percent of the time, and the impact of the associated
delays can be significant. Installing an ILS on Runway
23R would provide an instrument approach to the
Airport’s most frequently used arrival runway. It would
reduce visibility minimums, enhance operational
flexibility, and thereby help to maintain capacity during
instrument meteorological conditions (IMC). An ILS on
Runway 23R would also allow aircraft to land on Runway
23R and depart on Runway 23L under IFR 2, thus elimi-
nating the current ILS critical zone problem that exists
when aircraft land on Runway 23L under IFR 2. IFR 2
occurs about 5.7 percent of the time.

Estimated 1993 project cost is $1.75 million.

Eliminating the ILS critical zone problem by landing
aircraft on Runway 23R under IFR 2 rather than on Run-
way 23L would result in an annual delay savings at the
Baseline activity level of 128 hours or $0.2 million, at
Future 1 activity levels, 129 hours or $0.2 million, and, at
Future 2 activity levels, 142 hours or $0.2 million.

This project is recommended for implementation at
the Baseline activity level if Alternative 2 or Alternative
3a is not implemented in the near term.

10. Install terminal Very High Frequency Omnidirectional Range/Distance Measuring Equipment (VOR/DME).

Recommended
The installation of a terminal VOR/DME at Cleve-

land would provide an additional source of accurate fix
information to pilots performing instrument approaches
to CLE. A VOR/DME would provide for improved instru-
ment approaches, enhance safety, decrease approach
minimums, increase airport capacity, and better serve the
needs of the users.

Estimated 1993 project cost is $600,000.

This project is recommended for implementation at
the Baseline activity level.
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11. Install full ILS on current Runway 10.

Not Feasible
The impact of delays associated with IFR can be sig-

nificant. Installing ILS equipment on Runway 10 would
reduce visibility minimums and enhance operational
flexibility and thereby help to maintain capacity during
IMC.

This project is not recommended, because the instal-
lation of an ILS on Runway 10 is not feasible now, due to
the existing terrain and the short runway safety area.

Operational Improvements

12. Dependent converging instrument approaches (DCIA).

Because of the reduced visibility and ceiling associ-
ated with IFR, simultaneous (independent) use of con-
verging runways is normally permitted for aircraft arrivals
only during relatively high weather minimums to non-
intersecting runways. However, a program has been de-
veloped that allows dependent (alternating) arrivals to
both intersecting and non-intersecting converging run-
ways through the use of a Converging Runway Display
Aid (CRDA) for air traffic controllers.

The CRDA update to the Automated Radar Terminal
System (ARTS) IIIa software projects an electronic “ghost”
image of aircraft on converging arrival paths so that sepa-
ration between aircraft can be verified by the controller
during arrival spacing. A demonstration at Lambert St.
Louis International Airport validated the use of CRDA

under actual operational conditions. National standards
that incorporate these approach procedures were pub-
lished November 1992.

12a. For current airport with taxiway improvements.

Recommended for Runways 23L and 28
Not Recommended for Runways 5R and 36

For the current airport with taxiway improvements,
DCIA have been recommended only in the southwest flow
with approaches to Runways 23L and 28. Annual delay
savings at the Baseline activity level would be 402 hours
or $0.5 million, at Future 1 activity levels, 1,655 hours or
$1.9 million, and, at Future 2 activity levels, 5,027 hours
or $5.9 million.

DCIA procedures result in a measurable increase in
workload for air traffic controllers. They are normally
recommended only when additional airport capacity is

2 or 5 nm

2 or 5 nm

Actual Aircraft
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required that cannot be achieved by other less demanding
or less complex procedural alternatives. The use of DCIA

for Runways 23L and 28 meets these criteria by enabling
an equivalent 2.0 nm longitudinal spacing.

The use of DCIA for Runways 5R and 36, however,
only results in an equivalent 2.5 nm longitudinal spacing.
This result can be achieved more easily by demonstrating
reduced runway occupancy times and operating with 2.5
nm arrival spacing to a single runway. In addition, in
order to employ DCIA effectively in the northeast con-
figuration, all arrivals to Runway 36 must exit at Taxi-
way R. If any Runway 36 arrival was to overshoot Taxi-
way R, the established arrival and departure sequencing
would have to be interrupted, and subsequent runway
operations delayed, until that arrival cleared the runway/
taxiway system. It cannot be guaranteed that all arrivals
to Runway 36 will exit at Taxiway R, and land-and-hold-
short procedures are not authorized for DCIA operations.
For these reasons, DCIA are not recommended for use on
Runways 5R and 36.

12b. For Master Plan airfield.

Recommended for Runways 23L and 28
Not Recommended for Runways 5L and 36

For the Master Plan airfield, DCIA have also been

recommended only in the southwest flow with ap-
proaches to Runways 23L and 28. Annual delay savings
at the Baseline activity level would be 314 hours or $0.4
million, at Future 1 activity levels, 1,550 hours or $1.8
million, and, at Future 2 activity levels, 4,901 hours or
$5.8 million.

DCIA procedures result in a measurable increase in
workload for air traffic controllers. They are normally
recommended only when additional airport capacity is
required that cannot be achieved by other less demanding
or less complex procedural alternatives. The use of DCIA

for Runways 23L and 28 meets these criteria by enabling
an equivalent 2.0 nm longitudinal spacing.

The use of DCIA for Runways 5L and 36, however,
only results in an equivalent 2.5 nm longitudinal spacing.
Again, this result can be more easily achieved by demon-
strating reduced runway occupancy times. In addition, it
cannot be guaranteed that all arrivals to Runway 36 will
exit at Taxiway R, and land-and-hold-short procedures
are not authorized for DCIA operations. For these rea-
sons, DCIA are not recommended for use on Runways 5L

and 36.
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13. Reduce in-trail separations to 2.5 nm between similar class aircraft.

Recommended
Existing procedures for IFR require that arriving air-

craft be separated by 3 nm or more. Reducing separation
minimums to 2.5 nm for aircraft of similar class would
increase arrival rates and runway capacity. Most of the
delay savings occurs at the highest demand levels during
IFR operations.

This project is recommended for implementation at
the Baseline activity level.

13a. For current airport.

For the current airport, with in-trail separations re-
duced to 2.5 nm in both the northeast and southwest
flows during the year, annual delay savings at the Baseline
activity level would be 905 hours or $1.1 million, at Fu-
ture 1 activity levels, 2,996 hours or $3.5 million, and, at
Future 2 activity levels, 8,826 hours or $10.4 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 331 hours or $0.4
million, at Future 1 activity levels, 1,119 hours or $1.3
million, and, at Future 2 activity levels, 3,400 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
the Baseline activity level would be 574 hours or $0.7
million, at Future 1 activity levels, 1,876 hours or $2.2
million, and, at Future 2 activity levels, 5,427 hours or
$6.4 million.

13b. For current airport with taxiway improvements.

For the current airport with taxiway improvements,
with in-trail separations reduced to 2.5 nm in both the
northeast and southwest flows during the year, annual
delay savings at the Baseline activity level would be 928
hours or $1.1 million, at Future 1 activity levels, 3,030
hours or $3.6 million, and, at Future 2 activity levels,
8,829 hours or $10.4 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 339 hours or $0.4
million, at Future 1 activity levels, 1,142 hours or $1.3
million, and, at Future 2 activity levels, 3,399 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
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the Baseline activity level would be 589 hours or $0.7
million, at Future 1 activity levels, 1,888 hours or $2.2
million, and, at Future 2 activity levels, 5,430 hours or
$6.4 million.

13c. For Master Plan airfield.

For the Master Plan airfield, with in-trail separations
reduced to 2.5 nm in both the northeast and southwest
flows during the year, annual delay savings at the Baseline
activity level would be 914 hours or $1.1 million, at Fu-
ture 1 activity levels, 3,009 hours or $3.5 million, and, at
Future 2 activity levels, 8,926 hours or $10.5 million.

With reduced separations employed only in the
northeast flow during the year, annual delay savings at
the Baseline activity level would be 341 hours or $0.4
million, at Future 1 activity levels, 1,124 hours or $1.3
million, and, at Future 2 activity levels, 3,405 hours or
$4.0 million.

With reduced separations employed only in the
southwest flow during the year, annual delay savings at
the Baseline activity level would be 574 hours or $0.7
million, at Future 1 activity levels, 1,885 hours or $2.2
million, and, at Future 2 activity levels, 5,521 hours or
$6.5 million.

14. Continue enhancement of the reliever airport system.

Recommended
Reliever airports can ease capacity constraints by at-

tracting small/slow aircraft away from primary airports,
especially where small/slow aircraft constitute a signifi-
cant portion of operations. The segregation of aircraft
operations by size and speed increases effective capacity
because required time and distance separations are re-
duced between planes of similar size and speed.

Every effort should be made to accommodate these
aircraft at enhanced “reliever airports” with easy access to
various locations within the metropolitan area. The re-
liever airports would need to provide services similar to
those available at CLE. “Similar services” would include
longer and wider runways with associated lighting and
increased pavement strength, all-weather approach capa-
bility, parallel taxiways, larger aprons, and such ancillary
services as rental cars and easy access to public and pri-
vate transportation.

The instrument systems needed to provide approach
capability under instrument meteorological conditions
(IMC) are limited in their availability. The FAA has rein-
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stated the use of a localizer only/outer marker (LOC/OM)
approach including a light lane (formerly known as a par-
tial ILS). This provides for approach minimums of a 400
foot ceiling and 3/4 mile visibility. These lower approach
minimums would allow the existing facilities, without
precision instrument approach procedures, to be available
for a larger percent of the time under IMC.

In order to increase utilization of reliever airports,
the FAA provides assistance under the Airport Improve-
ment Program and the Facilities and Equipment Pro-
gram to construct new reliever airports, improve the fa-
cilities and navigational aids at existing relievers, and
minimize the adverse environmental impact of these air-
ports on neighboring communities.

15. Eliminate departure route restrictions.

Recommended
Air traffic control often dictates that aircraft hold at

the runway thresholds before takeoff because of departure
route restrictions. At CLE, departures are currently re-
stricted to 10 nm in trail for like-type aircraft on the
same route.

Preliminary analyses at CLE indicate that, if the de-
parture route restrictions could be eliminated, annual de-
lay savings at the Baseline activity level would be 1,086
hours or $1.3 million, at Future 1 activity levels, 2,615
hours or $3.1 million, and, at Future 2 activity levels,
4,120 hours or $4.9 million.

16. Redistribute traffic more uniformly within the hour.

Not Recommended
A more uniform distribution of airline flights during

peak periods would promote a more orderly flow of traf-
fic, reduce arrival and departure delays, and reduce
ground congestion near the terminal and on the taxiway
system.

However, CLE is a part of the hub-and-spoke opera-
tion, and uniform distribution of traffic is not consistent
with such an operation. Hubbing creates efficiencies that
cannot be measured in a delay study of this type. This
system of operations provides frequent service between
city-pairs that could not support frequent direct service.
Frequent flights provide an economic benefit to consum-
ers, in particular the business flyer. Although annual de-
lay savings at the Baseline activity level would be 1,981
hours or $2.3 million, at Future 1 activity levels, 2,369
hours or $2.8 million, and, at Future 2 activity levels,
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4,196 hours or $4.9 million, in order to properly evaluate
the overall impact of hubbing and the redistribution of
scheduled operations, the entire system must be studied,
not any one individual airport.
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SECTION 3
SUMMARY OF TECHNICAL STUDIES
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The Cleveland-Hopkins International Airport (CLE)
Capacity Team evaluated the efficiency of the existing
airfield and the proposed future configuration. A brief
description of the computer models and methodology
used can be found in Appendix B. Certain standard in-
puts were used to reflect the operating environment at
CLE. Details can be found in the data packages produced
by the FAA Technical Center during the course of the
study. Figure 8 shows the characteristics of the aircraft
fleet, Figure 9, airfield weather conditions, and Figure 10,
runway utilization for various runway configurations used
in the computer simulation modeling. Figure 11 illus-
trates these runway configurations. The potential benefits
of various improvements were determined by examining
airfield capacity, airfield demand, and average aircraft de-
lays.

The fleet mix at CLE has a weighted-average direct
operating cost of $1,178 per hour. This figure represents
the costs for operating the aircraft and includes such
items as fuel, maintenance, and crew costs, but it does not
consider lost passenger time, disruption to airline sched-
ules, or any other intangible factors.

Daily operations corresponding to an average day in
the peak month were used for each of the forecast peri-
ods. The Capacity Team used the Airport Delay Simula-
tion Model (ADSIM) and the Runway Delay Simulation
Model (RDSIM) to determine aircraft delays during peak
periods. Delays were calculated for current and future
conditions. Daily delays were annualized to measure the
potential economic benefits of the proposed improve-
ments. The annualized delays provide a basis for compar-
ing the benefits of the proposed changes. The benefits
associated with various runway use strategies were also
identified. The cost of a particular improvement was mea-
sured against its annual delay savings. This comparison
indicates which improvement will be the most effective.

For expected increases in demand, a combination of
improvements can be implemented to allow airfield ca-
pacity to increase while aircraft delays are minimized.

Overview
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Figure 8. Aircraft Fleet Characteristics

Departure Runway
Aircraft Aircraft Baseline Occupancy Time Approach Speeds (knots)
Class Types Demand (seconds) VFR IFR

Class 4 Single-engine props 4% 34 90 90
under 12,500 lbs.

Class 3 Twin-engine props 8% 34 120 120
under 12,500 lbs.

Class 2 Large aircraft under 87% 39 130 130
300,000 lbs. and small jets

Class 1 Heavy aircraft over 1% 39 140 140
300,000 lbs.

Figure 9. Airfield Weather

Ceiling/Visibility Occurrence (%)

VFR 3,000 feet and above / 5 sm and above 70.8

MVFR 1,000 to 3,000 feet / 3 to 5 sm 16.0

IFR 1 800 to 1,000 feet / 2 to 3 sm 7.5

IFR 2 below 800 feet / below 2 sm 5.7

Total 100.0

VFR – Visual Flight Rules MVFR – Marginal VFR

IFR – Instrument Flight Rules sm – statute miles

Figure 10. Runway Utilization (percentage use)

VFR MVFR IFR 1 IFR 2 Total

Southwest Flow 49.0 10.8 4.7 3.6 68.2

Northeast Flow 20.5 4.5 2.7 2.1 29.8

West Flow 1.3 0.7 0.0 0.0 2.0

Total 70.8 16.0 7.5 5.7 100.0
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Figure 11. Runway Configurations — Current Airport
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The CLE Capacity Team defined airfield capacity to
be the maximum number of aircraft operations (landings
or takeoffs) that can take place in a given time. The fol-
lowing conditions were considered:

• Level of delay.

• Airspace constraints.

• Ceiling and visibility conditions.

• Runway layout and use.

• Aircraft mix.

• Percent arrival demand.

Figure 12 illustrates the average-day, peak-month
arrival and departure demand levels for CLE for each of
the three annual activity levels used in the study, Baseline,
Future 1, and Future 2.

Airfield Capacity
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Figure 12. Airfield Demand Levels

24-Hour Day
(Average Day, Peak

Annual Peak Month) Hour

Baseline 257,000 802 71

Future 1 300,000 938 84

Future 2 322,500 1,009 91

Baseline Future 1 Future 2
0

200

400

600

800

1,000

1,200

Figure 13 presents the airport capacity curves for
CLE. The curves were developed for the southwest flow
runway configuration, under instrument flight rules (IFR)
conditions, with a 60/40, 50/50, and 40/60 percent split
of arrivals and departures. These curves are based on the
assumption that arrival and departure demand is ran-
domly distributed within the hour. Other patterns of de-
mand can alter the demand/delay relationship.

The curves in Figure 13 illustrate the relationship
between airfield capacity, stated in the number of opera-
tions per hour, and the average delay per aircraft. They
show that, as the number of aircraft operations per hour
increases, the average delay per operation increases expo-
nentially.

Figure 14 illustrates the hourly profile of daily de-
mand for the Baseline activity level of 257,000 aircraft
operations per year. It also includes a curve that depicts
the profile of daily operations for the Future 2 activity
level of 322,500 aircraft operations per year.

Comparing the information in Figures 13 and 14
shows that:

• Aircraft delays will begin to rapidly escalate as hourly
demand exceeds 40 to 60 operations per hour;

• While hourly demand exceeds 40 to 60 operations
during certain hours of the day at Baseline demand
levels, 60 operations per hour is frequently exceeded
at the demand levels forecast for Future 2.
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Figure 13. Airport Capacity Curve — Hourly Flow Rate Versus
Average Delay, Under IFR

0

5

10

15

20

25

0 10 20 30 40 50 60 70 80

A
ve

ra
ge

 D
el

ay
 (m

in
)

Total Flow (a/c per hour)

N

W E

36

18

10
L

2
8

R

5
R

5
L

23
R

23
L

Southwest IFR 1

60% Arr/40% Dep
50% Arr/50% Dep
40% Arr/60% Dep

01
:0

0

02
:0

0

03
:0

0

04
:0

0

05
:0

0

06
:0

0

07
:0

0

08
:0

0

09
:0

0

10
:0

0

11
:0

0

12
:0

0

13
:0

0

14
:0

0

15
:0

0

16
:0

0

17
:0

0

18
:0

0

19
:0

0

20
:0

0

21
:0

0

22
:0

0

23
:0

0

00
:0

0

0

10

20

30

40

50

60

70

80

90

100

O
pe

ra
tio

ns
 p

er
 H

ou
r

Time of Day

Baseline Arrivals

Baseline Departures

Baseline Total

Future 2 Total

Figure 14. Profile of Daily Demand — Hourly Distribution
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Aircraft Delays Aircraft delay is defined as the time above the unim-
peded travel time for an aircraft to move from its origin to
its destination. Aircraft delay results from interference
from other aircraft competing for the use of the same fa-
cilities.

The major factors influencing aircraft delays are:

• Weather.

• Airfield and ATC System Demand.

• Airfield physical characteristics.

• Air traffic control procedures.

• Aircraft operational characteristics.

Average delay in minutes per operation was gener-
ated by the Airfield Delay Simulation Model (ADSIM). A
description of this model is included in Appendix B. If no
improvements are made in airport capacity, the average
delay per operation of 1.9 minutes in Baseline will in-
crease to 3.3 minutes per operation by Future 1 and 5.2
minutes per operation by Future 2.

Under the Do Nothing scenario, if there are no im-
provements in airfield capacity, the annual delay cost
could increase to $32.8 million at the Future 2 activity
level, as shown at left.

Figure 15 demonstrates the impact of delays at
Cleveland-Hopkins International Airport. The chart
shows how delay will continue to grow at a substantial
rate as demand increases if there are no improvements
made in airfield capacity, i.e., the Do Nothing scenario.

Figure 15 also shows the savings in delay costs that
would be provided by improvement alternatives recom-
mended by the Capacity Team:

• Simultaneous (independent) runway improvements
— relocate terminal, new Runway 5E/23E, and in-
stall PRM.

• Construct new 8,000 foot Runway 5W/23W with
parallel taxiway and high-speed exits.

• Taxiway improvements.

• Dedicated runway use — new 8,000 foot Runway
5W/23W, convert existing Runway 5L/23R to taxiway,
and Runway 18/36 3,500 feet in length.

• Construct high-speed exits on all runways; reduce in-
trail separations to 2.5 nm.7

• Dependent converging instrument approaches
(DCIA) for current airport with taxiway improve-
ments.8

• Eliminate departure route restrictions.

Conclusions

Do Nothing Annual Delay Costs
Scenario Hours Millions of 1991 $

Baseline 8,042 $9.5

Future 1 16,459 $19.4

Future 2 27,884 $32.8
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Figure 15. Annual Delay Costs — Capacity Enhancement Alternatives
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High Speed Exits/Reduced Separation
(current Airport)

Independent Runway 5E/23E

Taxiway Improvements

Do Nothing - With Departure Restrictions

Do Nothing

Do Nothing

New 8,000 ft. Rwy 5W/23W

New 8,000 ft. Rwy 5W/23W &
3,500 ft. Rwy 18/36

Independent Runway 5E/23E

DCIA to Rwys 23L & 28
(current airport w/improvements)

7 Delay savings benefits for high-speed exits assume that procedures to reduce in-trail separations to 2.5 nm under
IFR have been implemented.

8 Delay savings benefits for DCIA are only for southwest flow with arrivals to Runways 23L and 28.
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Figure 16 illustrates the annual delay-savings benefits
for each alternative and for each of the three annual activ-
ity levels (operations per year). It serves to highlight the
savings that would be provided by the alternatives recom-
mended by the Capacity Team.

• Simultaneous (independent) runway improvements
— relocate terminal, new Runway 5E/23E, and in-
stall PRM.

• Construct new 8,000 foot Runway 5W/23W with
parallel taxiway and high-speed exits

• Taxiway improvements.

• Dedicated runway use — new 8,000 foot Runway
5W/23W, convert existing Runway 5L/23R to taxiway,
and Runway 18/36 3,500 feet in length

• Construct high-speed exits on all runways; reduce in-
trail separations to 2.5 nm.

• Dependent converging instrument approaches
(DCIA) for current airport with taxiway improve-
ments.

• Eliminate departure route restrictions.

Figure 16. Annual Delay-Savings Benefits — Capacity Enhancement Alternatives
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APPENDIX A
PARTICIPANTS
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Federal Aviation
Administration
Great Lakes Region

Ben De Leon

Headquarters
Jim McMahon
Everett Brown
Donald J. Guffey
James J. Wiggins

Technical Center
John Vander Veer
Anthony Bradley
Richard W. Soper
Mary Schweiker

Airway Facilities
David Machala

CLE Airport Traffic Control Tower
Mike Monschein
William L. Johnson
Richard R. Koch

Airports District Office
Robert Conrad

BKL Airport Traffic Control Tower
Cliff Auxier
Michael C. Barth

Ohio Department of Transportation,
Division of Aviation

John B. Cornett

City of Cleveland
Department of

Port Control
Cynthia Rich
Linda Timmer
Steve Nagy
Bob Lucak
Khalid Bahhur

Landrum and Brown
Stuart Holder
Matthew H. Lee
Berta Fernandez

Aviation Industry and Citizen Groups
USAir

Ann Rackas

Continental Airlines
Tom Jones
Hugo Elmore

Delta Air Lines
C. B. Smith

Northwest Airlines
Paul. A. Chapla

NOACA

Colin Moore

W.E.S.T.
Dave Darwin
Gary R. Church

Air Transport Association
Richard White

Aircraft Owners and Pilots
Association

Peter H. Burgher
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APPENDIX B
COMPUTER MODELS AND METHODOLOGY
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The CLE Capacity Team studied the effects of vari-
ous improvements proposed to reduce delay and enhance
capacity. The options were evaluated considering the an-
ticipated increase in demand. The analysis was performed
using several computer modeling techniques. A brief de-
scription of the models and the methodology employed
follows.

Airfield Delay Simulation Model (ADSIM)

ADSIM is a fast-time, discrete event model that em-
ploys stochastic processes and Monte Carlo sampling
techniques. It describes significant movements of aircraft
on the airport and the effects of delay in the adjacent air-
space. The model was validated in 1978 at Chicago
O’Hare International Airport against actual flow rates
and delay data. It was calibrated for this study against
field data collected at CLE to insure that the model was
site specific.

Inputs for the simulation model were derived from
empirical field data. The model repeated each experiment
10 times using Monte Carlo sampling techniques to in-
troduce system variability, which occurs on a daily basis
in actual airport operations. The results were averaged to
produce output statistics. Total and hourly aircraft delays,
travel times, and flow rates for the airport and for the in-
dividual runways were calculated.

Runway Delay Simulation Model (RDSIM)

RDSIM is a short version of the ADSIM model that
simulates only the runways and runway exits. There are
two versions of the model. The first version ignores the
taxiway and gate complexes for a user-specified daily traf-
fic demand and is used to calculate daily demand statis-
tics. In this mode, the model replicated each experiment
forty times, using Monte Carlo sampling techniques to
introduce daily variability of results, which were averaged
to produce output statistics. The second version also
simulates the runway and runway exits only, but it creates
its own demand using randomly assigned arrival and de-
parture times. The demand created is based upon user-
specified parameters. This form of the model is suitable
for capacity analysis.

RDSIM was calibrated for this study against field data
collected at CLE to insure that the model was site spe-
cific. For a given demand, the model calculated the
hourly flow rate and average delay per aircraft during the
full period of airport operations. Using the same aircraft
mix, computer specialists simulated different demand
levels for each run to generate demand versus delay rela-
tionships.

Computer Models
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Model simulations included present and future air
traffic control procedures, various airfield improvements,
and traffic demands for different times. To assess the
benefits of proposed airfield improvements, the FAA used
different airfield configurations derived from present and
projected airport layouts. The projected implementation
time for air traffic control procedures and system im-
provements determined the aircraft separations used for
IFR and VFR weather simulations.

For the delay analysis, agency specialists developed
traffic demands based on the Official Airline Guide, his-
torical data, and various forecasts. Aircraft volume, mix
and peaking characteristics were developed for three de-
mand periods (Baseline, Future 1, and Future 2). The
estimated annual delays for the proposed improvement
options were calculated from the experimental results.
These estimates took into account the yearly variations in
runway configurations, weather, and demand based on
historical data.

The potential delay reductions for each improvement
were assessed by comparing the annual delay estimates
with the Do Nothing case.

The RDSIM model, in its capacity mode, was used to
perform the capacity analysis for CLE.

Methodology
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APPENDIX C
IMPROVEMENT PACKAGES:

CAPACITY ENHANCEMENT ALTERNATIVES
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In the process of conducting the study, the Airport
Capacity Design Team grouped the proposed capacity
enhancement alternatives into various improvement
packages in order to examine which general strategy
might be the most effective in reducing delay.

The listing below describes each improvement pack-
age and lays out the annual delay savings for each pack-
age. Annual savings are given for three activity levels,
Baseline, Future 1, and Future 2, which correspond to
annual aircraft operations of 257,000, 300,000, and
322,500 respectively.

Estimated Annual Delay Savings
(in hours and millions of 1991 dollars)

Package 1 — Baseline Baseline Future 1 Future 2

(Existing airport) — — —

1. Runways 5L/23R (7,095 ft.) and 5R/23L (8,998 ft.)
have a centerline spacing of 441 ft.

2. Runway 23 thresholds intersect Runway 10/28.

3. Runway 10/28 6,015 ft. in length.

4. Runway 18/36 6,411 ft. in length and intersects
Runways 10/28, 5L/23R, & 5R/23L.

5. Terminal Building complex located in the east quad-
rant.
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23
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Estimated Annual Delay Savings
(in hours and millions of 1991 dollars)

Package 1A Baseline Future 1 Future 2

(Airfield improvement 3a) 2,938/$3.5 6,425/$7.6 9,755/$11.5

1. Construct new Runway 5W/23W 800 ft. from Run-
way 5L/23R and 8,000 ft. in length

2. Runway 23 thresholds to be relocated to SW so as
not to intersect with Runway 10/28

3. Runway 23W threshold to be staggered 3,500 ft. SW

of Runway 23L threshold

4. Existing Runway 5L/23R converted to parallel taxi-
way and extended to the full length of new Runway
5W/23W.

5. Runway 18/36 converted to non-intersecting
3,500 ft. runway by shortening on north end

6. Runway 10/28 remains unchanged at 6,015 ft. in
length.

7. Complete Taxiway W parallel to Runway 10/28.

Package 1A represents the airport with two Runway 5/23 parallel runways spaced 1,241 feet apart.

• Runway 5W/23W is a new 8,000 foot runway; the existing Runway 5R/23L is 8,998 feet in length. The arrival
threshold of Runway 23W is staggered by about 3,500 feet from the arrival threshold of Runway 23L. Displaced
thresholds offer an operational advantage that was not modeled in the simulations. In this configuration, the airfield
can accommodate simultaneous ILS and LDA approaches if the LDA on Runway 23R is offset. The procedure has been
used at St. Louis for several years with a minimum ceiling of 1,200 feet and a visibility of 4 miles.

• The existing Runway 5L/23R has been converted to a taxiway.

• The south end of Runway 18/36 has been converted to a 3,500 foot runway to serve general aviation and com-
muter aircraft. Starting below Taxiway L, Runway 18/36 would not intersect with Runway 5R/23L on the north end,
thus making Runway 18 an independent departure runway (and an independent arrival runway under VFR).

• Northeast ends of Runways 5R/23L and 5W/23W do not intersect with Runway 10/28.

• Existing Runway 10/28 remains at 6,015 feet in length.
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Estimated Annual Delay Savings
(in hours and millions of 1991 dollars)

Package 1A-Commuter (COM) Baseline Future 1 Future 2

(Airfield improvement 3b) 3,420/$4.0 7,261/$8.6 10,873/$12.8

1. Construct new Runway 5W/23W 800 ft. from Run-
way 5L/23R and 8,000 ft. in length.

2. Runway 23 thresholds to be relocated to SW so as
not to intersect with Runway 10/28.

3. Runway 23W threshold to be staggered 3,500 ft. SW

of Runway 23L threshold.

4. Existing Runway 5L/23R converted to parallel taxi-
way and extended to the full length of new Runway
5W/23W.

5. Runway 18/36 converted to non-intersecting
5,000 ft. runway by shortening it on the north end
and extending it on the south end.

6. Runway 10/28 remains unchanged at 6,015 ft. in
length.

7. Complete Taxiway W parallel to Runway 10/28.

Package 1A-Commuter represents an airport layout with two Runway 5/23 parallel runways spaced 1,241 feet apart.

• Runway 5W/23W is a new 8,000 foot runway; the existing Runway 5R/23L is 8,998 feet in length. The arrival
threshold of Runway 23W is staggered by about 3,500 feet from the arrival threshold of Runway 23L.

• The existing Runway 5L/23R has been converted to a taxiway.

• The south end of Runway 18/36 has been converted to a 5,000 foot runway. Starting below Taxiway L, Runway
18/36 would not intersect with Runway 5R/23L on the north end, thus making Runway 18 an independent depar-
ture runway (and an independent arrival runway under VFR).

• Northeast ends of Runways 5R/23L and 5W/23W do not intersect with Runway 10/28.

• Existing Runway 10/28 remains at 6,015 feet in length.
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Estimated Annual Delay Savings
(in hours and millions of 1991 dollars)

Package 1B Baseline Future 1 Future 2

(Alternative to airfield improvement 3a) 2,938/$3.5 6,425/$7.6 9,755/$11.5

1. Construct new Runway 5W/23W 800 ft. from Run-
way 5L/23R and 8,000 ft. in length.

2. Runway 23 thresholds to be relocated to SW so as
not to intersect with Runway 10/28.

3. Northeast ends of Runways 23L and 23W would in-
tersect the completed Taxiway W.

4. Existing Runway 5L/23R converted to parallel taxi-
way and extended the full length of new Runway
5W/23W.

5. Runway 18/36 converted to non-intersecting
3,500 ft. runway by shortening it on the north end.

6. Runway 10/28 remains unchanged at 6,015 ft. in
length.

7. Complete Taxiway W parallel to Runway 10/28.

Package 1B represents an alternative to Package 1A. Package 1B is the same as Package 1A except that the airport layout
was adjusted so that the northeast end of Runway 23W was translated back to intersect the completed Taxiway W.
Under Package 1B, the Runway 23W and 23L arrival thresholds would not be staggered by 3,500 feet.
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Estimated Annual Delay Savings 9

(millions of 1991 dollars)
Package 1C — Master Plan Airfield Baseline Future 1 Future 2

Package 1C — $2.2 $5.3
With 2.5 nm arrival separations $0.7 $5.8 $15.8
With displaced arrival thresholds $0.8 $5.9 $15.9
With intersection departures $1.0 $6.1 $16.2
With intersection departures/displaced thresholds $1.1 $6.2 $16.3

1. Existing Runway 5L/23R becomes relocated Runway
5R/23L. It is extended 4,504 ft. on the 5L end, and
the northeast threshold is relocated 1,100 ft. to the
southwest so that it is south of Runway 10/28.
Length of new Runway 5R/23L is 10,500 ft.

2. Existing Runway 5R/23L converted to taxiway and
extended to become full-length parallel taxiway to
new Runway 5R/23L.

3. Construct new 10,000 ft. Runway 5W/23W with
800 ft. centerline separation from new Runway 5R/
23L.

4. Construct new parallel taxiway between new Run-
way 5W/23W and new Runway 5R/23L.

5. Runway 23 thresholds to be relocated south of Run-
way 10/28. Runway 23W threshold located west of
Runway 18/36.

6. Runway 18/36 remains unchanged at 6,411 ft. in
length.

7. Runway 10/28 remains unchanged at 6,015 ft. in
length.

8. Complete Taxiway W parallel to Runway 10/28.

Package 1C represented the Master Plan recommendations for beyond the year 1998. Here, the two Runway 5/23 parallel
runways are spaced 800 feet apart. In this package, the northeast thresholds of Runways 5L/23R and 5R/23L do
not extend north of Taxiway W, thus removing the runway intersections with Runway 10/28. In addition, Runways
5W/23W and 18/36 do not intersect.

9 The savins benefits in this table are cumulative. Here, for each item in the table, all improvement items above it
are in effect.
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Estimated Annual Delay Savings
(in hours and millions of 1991 dollars)

Package 2 Baseline Future 1 Future 2

(Airfield improvement 1) 5,232/$6.2 13,269/$15.6 25,142/$29.6

1. Two Runway 5/23’s with a centerline spacing of
3,400 ft. or greater.

2. Runway 23 thresholds to be relocated to SW so as
not to intersect with Runway 10/28.

3. New midfield terminal building to be located be-
tween new parallel Runway 5/23’s.

4. Runway 10/28 remains unchanged at 6,015 ft. in
length.

5. Runway 18/36 is closed.

Package 2 represents an airport layout with two parallel runways, Runways 5L/23R and 5E/23E, spaced at 3,400 feet or
more apart, with a midfield terminal between the two runways. Both runways would be 8,000 feet in length. The
existing Runway 10/28, 6,015 feet in length, would remain, and Runway 18/36 would be closed.
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APPENDIX D
LIST OF ABBREVIATIONS
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ADSIM Airfield Delay Simulation Model

ARR Arrivals

ASC Office of System Capacity and Requirements, FAA

ATC Air Traffic Control

ATCT Airport Traffic Control Tower

BKL Burke Lakefront Airport

CAT Category — of Instrument Landing System

CLE Cleveland-Hopkins International Airport

CRDA Converging Runway Display Aid

DCIA Dependent Converging Instrument Approaches

DEP Departures

DME Distance Measuring Equipment

FAA Federal Aviation Administration

GA General Aviation

IFR Instrument Flight Rules

ILS Instrument Landing System

IMC Instrument Meteorological Conditions

LBS Pounds

LOC Localizer Only

MLS Microwave Landing System

MVFR Marginal Visual Flight Rules

NM Nautical miles

OM Outer Marker

PRM Precision Runway Monitor

RDSIM Runway Delay Simulation Model

RVR Runway Visual Range

RWY Runway

SCIA Simultaneous Converging Instrument Approaches

SM Statute Miles

TERPS Terminal Instrument Procedures

TVOR Terminal VOR

TWY Taxiway

VFR Visual Flight Rules

VHF Very High Frequency

VMC Visual Meteorological Conditions

VOR VHF Omnidirectional Range — course information only



CLEVELAND-HOPKINS INTERNATIONAL AIRPORT CAPACITY ENHANCEMENT PLAN

(62)
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